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(57) [Abstract] 



[RSftft^&l Mtf, ffllSxtL i x M n |. y N i y 
0 2 (0. I^x^l. 2 . 0. 2 0 ^ y ^ 0 . 39) 



[Problem solving means] It possesses lithium containing manga 
nese * nickel composite oxide of powder where positive 
electrode, is displayed withthe composition formula Li x Mn l- 
y Ni y 02 ( 0.1 <x<1.2 and 0.20<y<0.39), 
possesses and hexagonal crystal structure as active substance. 



*l<5o 



[Effect(s)] Lithium secondary battery which designates lithium c 
ontaining transition metal oxide where charge-discharge cycle 
property is good as thepositive electrode active material is 
offered. 



y Ni y 0 2 (0. 1^x^1. 2, 0. 20^y^0| 

. 3 9) Rvttgm&ttt&fttto 1 ) 



[Claim(s)] 

[Claim 1] Lithium secondary battery which designates that it p 
ossesses lithium containing manganese * nickel composite oxide 
of powderwhere aforementioned positive electrode, is displayed 
with composition formula Li x Mn 1-y Ni y Q2 ( 0.1 <x 
<\2 and 0.20<y<0.39) theelectrochemically 
intercalation and deintercalation positive electrode and lithium 
ion substance or lithium metal whose it ispossible to do, as 
active substance in lithium secondary battery which has with 
negative electrode andthe nonaqueous electrolyte solution 
which it possesses, possesses and hexagonal crystal structure as 
theactive substance as feature. 



Mitfatfs ft\z % mfSL^L i x Mn H N i y 0 2 (0 
. I^x^l. 2. 0. 25^y^0. 35) V$t$tl 
4Ii*« 1 Gtt® 'J ^ ^ 



[Claim 2] Aforementioned lithium containing manganese * nick 
el composite oxide, especially, lithium secondary battery which 
is stated in theClaim 1 which is displayed with composition 
formula Li x Mn l-y Ni y Q2 ( 0.1 <x<1.2 and 0.25 
<y<0.35). 



WHttoO x = 1 ommztiifhC u K att£tt9£ LT 
«*fc*^iB (10 4) jBtDXttElSrfcf-^o^fflHA* 
. 0. 16-0. 40° Tffc-SII^RailEttOog^OA 



[Claim 3] Width at half height of X-ray diffraction peak of latti 
ce plane (104) plane which sought CuKoc line in 
thecomposition of x=l of aforementioned lithium containing 
manganese * nickel composite oxide as radiation source, lithium 
secondary battery which is stated in Claim 1 which is a 0.1 6 to 
0.40°. 



[Claim 4] Median diameter of aforementioned lithium containin 
g manganese * nickel composite oxide, lithium secondary 
battery which is stated inthe Claim 1 which is a 6 to 30 (im. 

[Claim 5] Aforementioned lithium containing manganese * nick 
el composite oxide, lithium secondary battery which is stated in 
Claim 1 whichis apyrolysate of mixture of manganese * nickel 
compound hydroxide and lithium compound. 



[Description of the Invention] 
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[Invention belongs technological field] This invention related t 
o lithium secondary battery which designates lithium containing 
transition metal oxide as thepositive electrode active material, 
details designated that lithium secondary battery where charge- 
discharge cycle property is good isoffered as object, it regards 
improvement of aforementionedlithium containing transition 
metal oxide. 

[0002] 

[Prior Art And Problems To Be Solved By The Invention] As p 
ositive electrode active material of lithium secondary battery, 
LiCo02 (hexagonal crystal), LiNi02 (hexagonal crystal), 
LiMn02 (orthorhombic crystal) and the LiMn204 (cubic 
crystal) or other lithium containing transition metal oxide are 
well known. 

[0003] LiCo02 is superior as practical characteristic balance m 
ost, but it is a expensive becausethe cobalt starting material is 
rare in resourcewise, production cost of battery becomes high. 
As for LiNi02, nickel starting material, in resourcewise is 
relatively inexpensive because of theabundant in comparison 
with cobalt starting material, there is a benefit that 
furthermorethe capacity is large, but charge-discharge cycle 
property is not good in comparison with the LiCoOE. As for 
LiMn02 and LiMn204, manganese starting material in 
resourcewise is inexpensivebecause of abundant But, LiMn02, 
because change of crystal structure in charge-discharge cycle in 
comparisonwith LiCo02 and LiNiCfe, is large, charge- 
discharge cycle property is not goodmastering. In addition, 
LiMn204, Mn is yarn teller ion, from thefact that ordering 
energy which brings decrease of discharge capacity in the and 
charge-discharge cycle is large relatively, charge-discharge cycle 
property is not good. This way, as for conventional lithium 
containing transition metal oxide, excluding expensive LiCoQ2 
which charge-discharge cycle propertywithout being good. 
Because of this, with inexpensive, furthermore development of 
positive electrode active materialfor lithium secondary battery 
where charge-discharge cycle property is good was demanded. 



[0004] *zr\ i^*53l=fcA6'<<iaW3E 
ctl=J:y. LiCo0 2 SMSttltfc-rS'J^A 

-^^icit^Tt^tem^-r^M$tt(7)at^j^^A 



[0004] Then, in order that you answer to this demand, result of 
diligent research,the these inventors discovered feet that 
lithium secondary battery where charge-discharge cycle 
property is goodin comparison with lithium secondary battery 
which designates LiCoQ2 as positive electrode active 
materialthe specific manganese * nickel composite oxide which 
possesses hexagonal crystal structure as positive electrode 
active material by using, isacquired with low cost. 
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[0005] As for this invention, being something which you can be 
based on this knowledge,it designates lithium containing 
transition metal oxide as positive electrode active material, it 
designates that lithium secondary batterywhich charge- 
discharge cycle property is good mastering is offered as object. 

[0006] 

[Means to Solve the Problems] Lithium secondary battery (this 
invention battery) relating to this invention is displayed with 
composition formula Li x Mn l-y Ni y 02 (0.1 <x<l. 
2 and 0.20<y<0.39), haswith negative electrode and 
nonaqueous electrolyte solution which possess substance or 
lithium metalwhich electrochemical ly intercalation and 
deintercalation doing positive electrode and lithium ion which 
possess lithium containing manganese * nickel composite 
oxideof powder which possesses and hexagonal crystal 
structure as active substance ispossible as active substance. 



[0 0 0 7] HKDSftlRli. $&f£3tL Mn h N 
i y 0 2 (0. 1^x^1. 2, 0. 20^y^0. 3 
9) T*%$tl. fiOASftflKfi^^-rSttSttO'J^^ 
<L£%-?>Jiy • -V'T)\'fe£mt®T*&&o 0. 2 5 

ZWV* »*Ll\, 0. 20^y^0. 3 9lz[g££ 
*14<DI4, y<0. 2O0)«^li7A*aflligSftl*-*"* 

> o : 39 om^it u ?^i*m*<Dm$$&m<Dttmtf'p 



[0007] It is a lithium containing manganese * nickel composite 
oxide of powder where active substance of positive electrode is 
displayed with composition formula Li x Mn l-y Ni y Q2 ( 
0.1 <x<1.2 and 0.20<y<0.39), possesses and 
hexagonal crystal structure, lithium containing manganese * 
nickel composite oxide of 0.25<y<0.3 5 , because change ^ 
of crystal structure in charge-discharge cycle issmall, it is 
desirable. As for being limited in 0.20<y<0.39, in case of 
y<0.20 becomingdifficult, to maintain hexagonal crystal 
structure, stability of crystal structure to decrease, when on one 
hand it is a y>0.39, ratio of transition metal in lithium 
layerdecreasing, bonding ability of lithium layer and oxygen 
layer to decrease, because change of crystal structure in charge- 
discharge cycle becomes large. Furthermore , therefore as for 
being limited in 0.1 <x< 1.2, while maintaining hexagonal 
crystal structure, content possible amount of lithium this range 
is. 



[0 0 0 8] 'JfOA^>^>--7y^S<k 
1ft* LTI4. >i/7>a6<6-3 0//m<7)ta)4<»*U 
<♦ *fcx = 10>ffljaL tUt>ibx = A<D i )^jU^ 
ttffilzfclt4CuKaie^aai:LT#«>fc»Tffi (1 
0 4) ffi<DXfi@tttf— £<D¥ffi«*«. 0. 1 6-0. 
4 0° T*fc££(D7b<, »*Ll\> attWMSUUrfclt 

[0009] • -v*r)m£mt 



[0008] As lithium containing manganese * nickel composite ox 
ide, median diameter those of 6 to 30 \im is desirable, width at 
half height ofthe X-ray diffraction peak of lattice plane (104) 
plane which sought CuKa line in addition in composition of x= 
1 , namely lithium containing state of x=l as radiation source, 
those whichare a 0. 1 6 to 0.40 °, is desirable. Change of 
crystal structure in charge-discharge cycle to be small, because 
charge-discharge cycle property isgood. 

[0009] Lithium containing manganese * nickel composite oxide, 
adding alkali to aqueous solution which contains with 
manganeseand nickel, precipitating manganese * nickel 
compound hydroxide as coprecipitate,( coprecipitation method 
), next can mix with this manganese * nickel compound 
hydroxide and lithium compound, the can synthesize by 
calcining. Furthermore , with synthetic method due to solid 
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[0010] mdsimi** 'j^OA^^->^aa<b 

UT^A-£B£$\ 'J*0A-fS£$5a>'J 

*4 ; JEmoiffimiZit^XmtiJLtffeiy S n0 2 , Sn 
O, T i 0 2 , N b 2 0 3 «|<Z)*JlKfcaA^J***l4 D I 



[00 11] l&*S#*<D*tt*LTIi. X^b>*- 

ttftixxf y > f yif;W- 
K >f;nf;^- 7|?*— K 1, 2-vih 
tvUX 1, 2-y> htvi?> v ih^»h 

#*tt*«a>5giti: LTIi. LiPF 6 , LiBF 4% 
L i C I 0 4 . LiCF 3 S0 3% LiSbF 6 , Li 
AsF 6 . L i N (C m F 2m+1 S0 2 ) (C n F 2n+ ,S 
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phase reaction which powderit mixes manganese compound and 
nickel compound and lithium compound, calcines, as 
forobtaining compound which consists of single phase it is 
difficult. As lithium compound, lithium nitrate, lithium 
carbonate, lithium sulfate, lithium phosphate , lithium 
hydroxide , the lithium chloride, lithium bromide, lithium 
iodide, lithium oxide , lithium formate, lithium acetate, the 
lithium benzoate, lithium citrate and lithium oxalate are 
illustrated. 

[0010] Active substance of negative electrode electrochemicall 
y intercalation and deintercalation lithium ion is substance or 
lithium metalwhose it is possible to do. electrochemically 
intercalation and deintercalation lithium ion as substance whose 
it is possible to do, voltageis low lithium-aluminum alloy and 
lithium - lead alloy , lithium - tin alloy or other lithium 
alloy ; the graphite , coke and organic pyrolysate or other 
carbon material ; in comparison with active substance of the 
positive electrode, Sn02, SnO,Ti02 andNb203 or other 
metal oxide are illustrated. 

[001 1] As solvent of nonaqueous electrolyte solution, mixed sol 
vent of ethylene carbonate , propylene carbonate , the 
vinylene carbonate , butylene carbonate or other cyclic 
carbonate ester , cyclic carbonate ester and dimethyl carbonate , 
diethyl carbonate , methylethyl carbonate , thel,2-di ethoxy 
ethane, 1,2-dimethoxyethane and ethoxy methoxy ethane 
or other low boiling solvent is illustrated. As solute of 
nonaqueous electrolyte solution, LiPF6 , LiBF4 , LiC104 , 
LiCF3SQ3,the LiSbF6, LiAsF6 and LiN(CmF2m+l 
S02)(Cn F2n+1 SQ2) (in Formula, as for m and neach 
becoming independent, integer of 1 to 5. ) Li C(CpF2pH 
SG2)(CqF2q+l S02XGr F2rH SQ2) (in Formula, as for p and 
q and r eachbecoming independent, integer of 1 to 5. ) Is 
illustrated. 



[0 0 12] **Wlcfcl+4'J*^A££-7>#> • - 
[0 0 13] 



[0012] As for lithium containing manganese * nickel composite 
oxide in this invention, crystal structure is difficult to change in 
the charge-discharge cycle. Therefore, this invention battery 
has charge-discharge cycle property which is superior. 

[0013] 

[Working Example(s)] This invention furthermore is explained 
in detail on basis of the Working Example, but this invention it 
is not something which is limited in thebelow-mentioned 
Working Example, modifying appropriately in range which 
doesnot modify gist; it is something whose it is possible to 
execute. 



[0014] (n& i ) xmmxi&xs&mmmzttm 



[0014] (Experiment 1) This invention battery and comparison 
battery were produced, charge-discharge cycle property was 
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compared. 
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[00 1 5] ( Working Example 1 to 5 ) 

[Production of positive electrode] Manganese acetate (Mn (CH 
3 C00)2 ) and nickel nitrate (Ni (N03 )2 ) it mixed with mole 
ratio 8.0:2.0, 7.5:2.5, 7.0:3.0and 6.5:3. 5 or 6 . 1 :3 .9 inserted 
in 50 vol% ethyl alcohol aqueous solution and agitated, added 
30 vol% ammonia water,acquired precipitate ( manganese * 
nickel compound hydroxide ) ( coprecipitation method ). It 
filtered each precipitate, this and mixed lithium nitrate (LiN03), 
with atomic ratio 1 .0: 1 .0 ofthe total weight and Li of Mn and 
Ni, in oxygen atmosphere, the4 8-hour calcined with 650 °C, 
to room temperature after cooling, powder fragmentit did with 
jet mill, it produced lithium containing manganese * nickel 
composite oxide of powder of 5kind of median diameter 3 |im 
which is displayed with composition formula Li Mn 0.80 Ni 0. 
20 02 , Li Mn 0.75 Ni 0.25 02 , Li Mn 0.70 Ni 0.30 O2 ,the 
Li Mn 0.65 Ni 0.35 02 or Li Mn 0.61 Ni 0.39 02. median 
diameter is value which was sought with laser diffraction is 
somethingwhich was sought median diameter below with all 
same method . When each lithium containing manganese * 
nickel composite oxide was inspected with powder X-ray 
diffraction ( radiation source : Cu Kcc, measurement range 2 
9:10 to 90 0 , measurement interval :0.01 0 , measuring 
speed :0.01 0 /sec , dispersion slit :0.5 0 , scattering slit :0.5 
0 and receiving slit : 0.1 5 mm ) , crystal structure ineach 
case was hexagonal crystal structure (single phase), width at half 
height of X-ray diffraction peak of lattice plane (104) plane, 
inorder, was 0.49 0 , 0.50 p , 0.50 0 , 0.51 0 and 0.51 °. 
Furthermore , it is something which was sought width at half 
heightbelow with all same method . 



[0 0 16] IEg^K<hLT<D±aB<D#U^OA^ 

MStt9 0 : 6 : 4 1?E« LTjEffi£*l£IHtt 

d<DIE&&Sfl£2 h>/cm2 <DE2)-{rlSg2 0m| 
m(7)n«ttlw»PEBlcffiL, SffiTI-T2 5 0° CT*2ft 
fWftJSLT. 5«0>jE«£tt«Lfco 



[0017] [&&<Dtt8] U*OA— 7n,£-OA£ 
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[0016] Kneading with polyvinylidene fluoride as acetylene blac 
k and adhesive as theabove-mentioned each lithium containing 
manganese * nickel composite oxide and conductor as positive 
electrode active material, with weight ratio 90:6:4,it 
manufactured positive electrode compound, with pressure of 2 
ton/cm2 press molding didthis positive electrode compound in 
disk shape of diameter 20 mm, under vacuum 2 hours driedwith 
250 °C, produced positive electrode of 5 kind. 

[001 7] [Production of negative electrode] Driving out rolling pi 
ate of lithium aluminum alloy, it produced negative electrode 
of disc shapeof diameter 20 mm. 

[0018] [Manufacturing nonaqueous electrolyte solution] 1 mole 
/liter melting LiPF6 of ethylene carbonate and in mixed solvent 
of volume ratio 1 :2: lof dimethyl carbonate and ethyl methyl 
carbonate, it manufactured nonaqueous electrolyte solution. 

[0019] [Production of lithium secondary battery] Above-menti 
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[0020] (itWl)M7^t,«-^ 
;i/i:£^;H£8. 1:1, 

«jSSCL-i Mn 0 .8lN i 0 . 1902 ^**^4^ 

;l^£SHI»*&TE (104) Blia>xliEl8re— J7 0> 

¥fit«li. 0. 4 9° T^feofco lEggMtLtCO) 
dta*Hi*t6«i-5tHaHzLT, ttttB?6Xl£ 



[002 1] (tt$X#|2) ffiH-^ 

;ut^^;nt6. 0:4. o-esE^LfcctBiWi*ag 

ffill -5lzj3l+«jE«JSaita>ft«*atBI«l=LT. 
3 ji m<Dt&3tt*<b 'Jf^fi7>**> • z^VJUIS 

;ua*K<btt(7)»™ (10 4) ffi<DX»E)«rfc:--$<D 
0. 5 1° "efcofc. jESSttRtUrca) 



oned each positive electrode , using negative electrode and 
nonaqueous electrolyte solution, itproduced lithium secondary 
battery (this invention battery)Al to A5 of flat shape. It 
designated volume ratio of positive electrode and negative 
electrode as 1:1.1, battery capacity it triedto be regulated by 
positive electrode capacity . Furthermore , also battery below 
designated thevolume ratio of positive electrode and negative 
electrode as all 1:1.1. Figure 1 is cross section of lithium 
secondary battery which is produced, lithium secondary battery 
A inillustration, positive electrode 1 and negative electrode 2, 
consists of separator 3, the positive electrode can 4, negative 
electrode can 5, positive electrode collector 6, negative 
electrode collector 7 and insulating packing 8 etc of 
polypropylenewhich alienate these, positive electrode 1 and 
negative electrode 2 through separator 3 which impregnates 
nonaqueous electrolyte solutionopposing, are accommodated 
inside battery can which positive electrode can 4 and 
thenegative electrode can 5 form, as for positive electrode 1 
through positive electrode collector 6, negative electrode 2 
through thenegative electrode collector 7, is connected by 
negative electrode can 5, to positive electrode can 4, 
respectively, to theoutside has reached point where it can 
remove with chemical energy whichit occurs in battery inside as 
electrical energy. 

[0020] (Comparative Example 1) Other than thing which mixe 
s manganese acetate and nickel nitrate with themole ratio 8.1:1. 
9 lithium containing manganese * nickel composite oxide of 
powder of median diameter 3 |xm which is displayed with the 
composition formula Li Mn 0.81 Ni 0.1 9 Q2 with as similar to 
preparation method of positive electrode active material in 
Working Example 1 to 5, wasproduced. width at half height of 
X-ray diffraction peak of lattice plane (104) plane of this 
lithium containing manganese * nickel composite oxide was 0. 
49 °. Other than thing which uses this lithium containing 
manganese * nickel composite oxide as positive electrode 
active material comparison battery XI wasproduced with as 
similar to Working Example 1 to 5. 

[0021] (Comparative Example 2) Other than thing which mixe 
s manganese acetate and nickel nitrate with themole ratio 6.0:4. 
0 lithium containing manganese * nickel composite oxide of 
powder of median diameter 3 fim which is displayed with the 
composition formula Li Mn 0.60 Ni 0.40 02 with as similar to 
preparation method of positive electrode active material in 
Working Example 1 to 5, wasproduced. width at half height of 
X-ray diffraction peak of lattice plane ( 1 04) plane of this 
lithium containing manganese * nickel composite oxide was 0. 
5 1 °. Other than thing which uses this lithium containing 
manganese * nickel composite oxide as positive electrode 
active material comparison battery X2 wasproduced with as 
similar to Working Example 1 to 5. 
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[oo23] <&m7ti<D®m.m.#m) a i - 

AsatfttttBasx i ~x3izoivc. aaeao. i 
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oiM^umv #tt»<D2 0iM£;uBffl8Slti#* 



[0022] (Comparative Example 3) It mixed with lithium oxide ( 
Li20) and manganese dioxide (MnG2) and nickel oxide (NiO), 
with mole ratio 1.00:1. 20:0.80,formed in tablets, in air 2 0 
hour calcined with 850 °C,after cooling, water wash it did to 
room temperature, dried with 1 10 °Qthe powder fragment did 
with jet mill, it produced lithium containing manganese * nickel 
composite oxide of median diameter 3 \im whichis displayed 
with composition formula Li Mn 0.60 Ni 0.40 02. width at 
half height of X-ray diffraction peak of lattice plane (104) 
plane of this lithium containing manganese * nickel composite 
oxide was 0.29 °. Other than thing which uses this lithium 
containing manganese * nickel composite oxide as positive 
electrode active material comparison battery X3 wasproduced 
with as similar to Working Example 1 to 5. 

[0023] [Capacity retention of each battery] Concerning this in 
vention battery Al to A5 and comparison battery XI to X3, 
with current density 0.1 5 mA/cm2 to 4.2V aftercharging, with 
current density 0. 1 5 mA/cm2 charge-discharge which 
discharges 20 cycle was doneto 2.8V, capacity retention of 20 
th cycle of each battery was sought from theformula below, 
result is shown in Table 1 . 



[0 0 2 4] §SSfft$ (%) = (2 0+M^g<Dj& 
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[0024] Capacity retention (%)= (discharge capacity of discharg 
e capacity / 1 st cycle of 20 th cycle) X 1 00 

[0025] 

[Table 1] 



[0 0 2 6] »l«ty. *«W*?6A1~A5li. lOSt 
S?i!ix 1 -X3lztt-<r, 8a«B#*A<*3<, SfcfcS 

i x Mn|-y N i y 0 2 tjSL^TO. 25^y^O. 3| 



[0026] That from Table 1, as for this invention battery Al to 
A5, capacity retention is large incomparison with comparison 
battery XI to X3, it understands charge-discharge cycle 
properly is good. In addition, it understands that it is desirable 
to use lithium containing manganese * nickel composite 
oxidewhich is a 0.25<y<0.35 from fact that capacity 
retention of this invention battery A2 to A4 especiallyis large, 
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in composition formula Li x Mn l-y Ni y 02. 
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[0027] (Experiment 2) Width at half height of X-ray diffractio 
n peak of lattice plane (104) plane of lithium containing 
manganese * nickel composite oxide and relationship ofthe 
charge-discharge cycle property were inspected. 

[0028] It mixed with manganese acetate and nickel nitrate with 
mole ratio 7.0:3.0, inserted in theSO vol% ethyl alcohol 
aqueous solution and agitated, added 30 vol% ammonia water, 
acquired precipitate ( manganese * nickel compound hydroxide 
) ( coprecipitation method ).. It filtered this precipitate, this and 
mixed lithium nitrate, with atomic ratio 1 .0: 1 .0 ofthe Mn and 
Ni and Li, in oxygen atmosphere, 4 8-hourcalcined with 700 
°C , 750 °C , 800 °C , 850 °C or 900 °Cto room 
temperature after cooling, powder fragment it did with jet mill, 
itproduced lithium containing manganese * nickel composite 
oxide of powder of 5 kind of median diameter 3 |xm which 
isdisplayed with composition formula Li Mn 0.70Ni 0.30 02. 
When each lithium containing manganese * nickel composite 
oxide was inspected with powder X-ray diffraction ( radiation 
source : Cu Kot, measurement range 28:10 to 90 ° , 
measurement interval :0.01 ° , measuring speed :0.01 ° /sec , 
dispersion slit :0.5 ° , scattering slit :0. 5 ° and receiving slit 
: 0. 1 5 mm ) , crystal structure ineach case was hexagonal 
crystal structure (single phase), width at half height of X-ray 
diffraction peak of lattice plane (104) plane, inorder, was 0.40 
°,0.31 °,0.23°, 0.16° and 0.1 3°. Other than 
thing which uses these each lithium containing manganese * 
nickel composite oxide as positive electrode active material 
itproduced lithium secondary battery (this invention battery)A6 
to A10 of flat shape with as similar to Working Example 1 to 
5, doingthe charge-discharge cycle test of same condition as 
those which were done with Experiment 1 ,it sought capacity 
retention of 20 th cycle of each battery, result is shown in 
Table 2. Posting also result of this invention battery A3 from 
Table 1, it is shown inthe Table 2 . 
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[0030] As shown in Table 2, as for this invention battery A6 1 
o A9, capacity retention is large incomparison with this 
invention battery A3 and A 10. As for capacity retention of 
this invention battery A3 being small, width at half height of X- 
ray diffraction peak ofthe lattice plane (104) plane of lithium 
containing manganese * nickel composite oxide which you use 
as positive electrode active material being excessive,because 
crystallinity is too low, it is thought for sake of changeof 
crystal structure in charge-discharge cycle is large. In addition, 
that capacity retention of this invention battery A10 is small 
width at half height of theX-ray diffraction peak of lattice 
plane (104) plane of lithium containing manganese * nickel 
composite oxide which you use as positive electrode active 
material being toosmall, because crystallinity is too high, it is 
thought for sakeof change occurs in portion of crystal structure. 
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[0031] (Experiment 3) Median diameter of lithium containing 
manganese * nickel composite oxide and relationship of charge- 
discharge cycle property were inspected. 

[0032] It mixed with manganese acetate and nickel nitrate with 
mole ratio 7.0:3.0, inserted in the50 vol% ethyl alcohol 
aqueous solution and agitated, added 30 vol% ammonia water, 
acquired precipitate ( manganese * nickel compound hydroxide 
) ( coprecipitation method ). It filtered this precipitate, this and 
mixed lithium nitrate, with atomic ratio 1.0:1.0 ofthe Mn and 
Ni and Li, in oxygen atmosphere, 4 8-hourcalcined with 650 
°C, to room temperature after cooling, powder fragment it 
didwith jet mill, median diameter 6 \xm , 10 |im , 20 |im , it 
produced 30 \im or35 |im which are displayed with 
composition formula Li Mn 0.70 Ni 0.30 02 lithium containing 
manganese * nickel composite oxide of powder of5 kind. 
When each lithium containing manganese * nickel composite 
oxide was inspected with powder X-ray diffraction ( radiation 
source : Cu Kot, measurement range 20: 1 0 to 90 ° , 
measurement interval :0.01 0 , measuring speed :0.01 ° /sec , 
dispersion slit :0.5 ° , scattering slit :0.5 0 and receiving slit 
: 0. 1 5 mm ) , crystal structure ineach case was hexagonal 
crystal structure (single phase), width at half height of X-ray 
diffraction peak of lattice plane (104) plane, inorder, was 0.50 
° , 0.50 ° , 0.49 ° , 0.49 ° and 0.49 °. Other than 
thing which uses these each lithium containing manganese * 
nickel composite oxide as positive electrode active material 
itproduced lithium secondary battery (this invention 
battery )A1 1 to Al 5 of flat shape with as similar to Working 
Example 1 to 5, doingthe charge-discharge cycle test of same 
condition as those which were done with Experiment 1 ,it 
sought capacity retention of 20 th cycle of each battery, 
result is shown in Table 3. Posting also result of this invention 
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battery A3 from Table 1 , it is shown inthe Table 3 

[0033] 
[Table 3] 
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[0034] As shown in Table 3, as for this invention battery Al 1 
to A 14, capacity retention is large incomparison with this 
invention battery A3 and Al 5. That capacity retention of 
this invention battery A3 is small because particle diameter of 
lithium containing manganese * nickel composite oxidewhich 
you use as positive electrode active material is too small, it is 
thought for thesake of part of that liquates in nonaqueous 
electrolyte solution. In addition, that capacity retention of 
this invention battery A15 is small it is thought thefor sake of 
charge-discharge reaction characteristic decreases because 
specific surface area ofthe lithium containing manganese * 
nickel composite oxide which you use as positive electrode 
active material is too small. 

[0035] With above-mentioned Working Example, listing case w 
here this invention isapplied to lithium secondary battery of 
flat shape to example, you explained, but asfor this invention, 
there is not restriction in shape of battery, itis a applicable in 
lithium secondary battery of cylindrical or other various shape. 
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[Effects of the Invention] Due to this invention , lithium secon 
dary battery which designates lithium containing transition 
metal oxide where charge-discharge cycle propertyis good as 
positive electrode active material is offered. 



BrffiHT?fcft« 



[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a cross section of lithium secondary battery of fl 
at shape which is produced with the Working Example. 
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[Explanation of Reference Signs in Drawings] 



A 


lithium secondary battery 
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positive electrode 
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negative electrode 
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separator 
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positive electrode can 
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negative electrode can 
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positive electrode collector 
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negative electrode collector 
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insulating packing 



[Figure 1] 
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